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Abstract 
 
The purpose of this study is to determine the basic working load (BWL) of metal plate connections in different 
species of Malaysian timber namely as Kapur (Dryobalanops spp), and Dark Red Meranti (Shorea sp.) .Two types 
of connections were used, parallel and perpendicular joints, each joints consists of two different orientation of plate 
to load directions. The study also includes the investigation of strength influence due to gap factors at butt end and at 
different embedment surface on Dark Red Meranti species. Each type of connection consists of 12 specimens. The 
samples of the wood connections were experimented under tensile loads for the derivation of their BWL. The size of 
metal plate is 50 mm (w) x 100 mm (l) x 1 mm (t). All testing and analysis were carried out in accordance to 
Australian Standard (AS 1649 – 1998).  For each test specimens, the maximum load, maximum displacement and 
failure mode were observed. The values of BWL derived were from the maximum load. It is found that the highest 
BWL were from the parallel orientation of wood and plate to the load direction with 80 N/tooth and 40.75 N/tooth 
for Kapur and Dark Red Meranti respectively. From the result of this study, it shows that the orientation plate, wood 
species, density of the wood and its moisture content influenced the strength of the metal plate connection. However 
the study on the effect of gap and different embedment level towards BWL were inconclusive due to high variation.   
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Introduction 
 
Metal plate connectors (MPC) has been used widely in wood trusses constructions especially in roofs and floors for 
the last three to four decades.  They were originally introduced in the United States of America when A. Caroll 
Sanford, founder of Sanford Industries invented the first metal connector plate in Florida in 1952. Since then, 
hundred of millions of wooden trusses have been successfully manufactured and used worldwide [1]. 
 
The behaviour of MPC joints in service is very complex and difficult to analyze without experimental data and 
verification. The metal plate connectors evolved from a simple piece of galvanized sheet steel with holes punched 
for nails, into the integrated toothed plate, that does not require nails. By replacing the nails, the teeth of metal plate 
can reduced labor and improve the quality of truss joint. Therefore, the knowledge properties on MPC joints are 
essentials in this research. According to Quaile and Keenan [2] the following factors may affect in the strength 
values for the connections: orientation of the wood, size of plate, end and edge distances, method installations, 
species and specific gravity of wood, wood moisture content, sampling and elapsed time between assembly and test. 
 
 2
The purpose of this paper is to develop the basic working load (BWL) of metal plate connections in different species 
of Malaysian timber namely as Kapur (Dryobalanops spp), and Dark Red Meranti (Shorea sp.) which represents two 
different timber strength and joint group as specified in MS544 [3].  
 
 
Experimental Methodology 
 
The selected timber species used in the experiment were Kapur (Dryobalanops spp) and Dark Red Meranti (Shorea 
sp.) species. In MS 544: Part 2: 2001 [3], the species are categorized in Strength Group (SG) 4 and 5 respectively. 
Metal plate connectors of size 50 mm x 100 mm Multinail system [4] were used. The metal plates are hot-dipped 
zinc coated and have a minimum corrosion resistance of 300 g/m2 of zinc. The plate has 0.0124 teeth per square mm 
or 8 teeth per square inch. The selected MN series plate has staggered teeth and is 1.0 mm thick [4]. All joints were 
fabricated into two main configuration – parallel and perpendicular to the grain of timber member, and four different 
plate orientation (see Table 1). Twelve specimens were prepared according to each orientation.  
 
 
Table 1: Orientation joint fabrications 
 
Wood – Parallel 
Plate – Parallel [ParPar] 
Wood – Parallel 
Plate – Perpendicular [ParPer] 
 
 
180 mm 
 
 
 
180 mm 
 
 
 
 
95 mm 
 
Wood – Perpendicular 
Plate – Perpendicular [PerPer] 
Wood – Perpendicular 
Plate – Parallel [PerPar] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 mm 
180 mm 
180 mm 
95 mm 
300 mm 
180 mm 
95 mm 
95 mm 
300 mm 
180 mm 
95 mm 
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Figure 1: Test set up on a Universal Testing Machine 
 
 
 
The tests were conducted based on Australian Standard AS 1649 [5]. Each connected specimen was mounted onto 
the Universal Testing Machine with specially designed holders (see Figure 1) and loaded at a constant rate of 1.25  
25% mm/min until failure. The joint displacement was measured to the nearest 0.1 mm and each load-displacement 
curve was plotted automatically by the computer. The failures of each specimen were observed and recorded. 
 
 
Table 2: Average basic working loads for metal plate connection 
 
Specimen 
Species 
Type of 
connection* 
Plate orientation 
to the load direction 
SG 
 
M.C 
(%)** 
BWLUltimate 
(N/tooth) 
 BWLDesign 
(N/tooth) 
Kapur 
 
 
 
 
Parallel 
 
 
Parallel  0.70 15.05 80.00 80.00 
 
Perpendicular 0.73 14.69 42.97 42.97 
 
Perpendicular  
("T") 
 
 
Parallel  0.68 15.49 34.62 34.62 
 
Perpendicular 0.73 15.49 37.3 37.3 
 
 
Dark Red 
Meranti 
 
 
 
 
 
Parallel 
 
 
Parallel 0.50 17.38 40.75 40.75 
 
Perpendicular  0.47 16.12 21.25 21.25 
Perpendicular  
("T") 
 
 
Parallel  0.63 15.48 30.02 30.02 
 
Perpendicular  0.58 14.65 27.08 27.08 
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Result and Discussion 
 
The average results of metal plate connections for the test are given in Table 2. Generally it is found that the basic 
working loads parameters for Kapur are consistently higher than those for Dark Red Meranti. The parameters are 
also significantly influenced by specific gravity of timber and the orientations of the timber member and plate. 
 
A denser timber provides better strength performance in a connection. This is verified in the experimental findings 
where Kapur tends to hold higher load values compared with Dark Red Meranti. According to MS 544 [3], Kapur is 
in SG 4 where its average density is in the range 575 kg/m3 to 865 kg/m3 compared to Dark Red Meranti that is in 
the SG 5 where the average density is 560 kg/m3 to 815 kg/m3. The specific gravity for Kapur species ranges from 
0.68 to 0.73 while for Dark Red Meranti species is in the range of 0.47 to 0.63. The results show that there is an 
almost linear relation between strength of the connection and the specific gravity. It is found that a denser timber has 
wood fibre with better teeth-gripping ability and at the same time the teeth does not tear the fibre.  
The results exhibited that strongest performance is achieved in connection with wood and plate orientations parallel 
to the force with Kapur species 80 N/tooth and 42.97 N/tooth for Dark Red Meranti. This is expressed graphically in 
Figure 2. The weakest orientation could not be verified in this experiment due to high variation in the results. 
However, theoretically, perpendicular orientation for both wood and plate should provide the weakest strength. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Basic Working Load for Each Connection 
 
 
It is observed that generally there are three types of failures and they are wood failure where the wood fibre tears, 
plate withdrawal and plate tearing (see Figure 3). This observation verifies the works of Gupta [6] [7] on behaviour 
of metal plate connected joints. Wood fibre tears occasionally in the perpendicular orientation compared to the 
parallel which commonly fails with teeth withdrawal. The positioning of the wood, which crosses the grain towards 
loading direction causes wood fibre to tear easily. The most common and expected mode of failure was tooth 
withdrawal. This is because the first row of teeth close to the butt end was critical where at this section the full axial 
force was transmitted through the effective section of a plate. As loading progressed, the first row of teeth starts to 
bend first and the rest of the teeth withdrew at failure [8]. 
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Figure 3: Failure Modes - (a) wood failure (b) teeth withdrawal (c) plate failure 
 
 
 
Conclusion 
 
The basic working loads for metal plate connected joints of Kapur spesies representing Joint Group J3 and Dark Red 
Meranti representing Joint Group J4 [9] has been developed through this research study and is summarized in Table 
3. The values were further expanded for different angle of load to grain using Hankinson formula.  
 
 
Table 3: Basic working loads for metal plate connection in N/tooth 
 
Timber species Angle of load to fastener
length direction () 0 30 60 90
Kapur 0 80.00 60.26 40.34 34.62
(J3) 90 42.97 41.40 38.57 37.30
Meranti, Dark Red 0 40.75 37.40 32.14 30.02
(J4) 90 27.08 25.34 22.45 21.25
Angle of load to grain of timber ()
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